High quality undoped Al~Ga1_~As (0 <x~0.4) has been investigated by transient capacitance, deep level transient spectroscopy and photoluminescence measurement techniques. The crystals were intentionally grown under different ambient conditions. Five dominant electron traps with ionization energy ET ranging from 0.25 to 0.82 eV are present in crystals grown in the possible presence of moisture and oxygen. The density of four of these traps increase with increasing x suggesting the involvement of Al-O complexes in their formation. The density of the fifth, the well known EL2 electron trap, remains invariant. Only the EL2 center is identified in crystals grown in an oxygen-and moisture-free ambient. Two hole traps, with ET = 0.74 and 0.87 eV are present in crystals grown at 690 O C, but are absent in crystals grown at 750 O C. They introduce light-sensitivity and compensation in the crystals and are removed by a short-term post-growth heat-treatment in a H2 ambient. These centers are probably impurity-point defect complexes.
Introduction 2. Growth conditions and sample description
The ternary semiconductor Al~Ga1~As grown Single undoped epitaxial layers, 5-10~in by metalorganic chemical vapor deposition thickness, and p-n junctions with undoped n-re-(MOCVD) is an important material for the fabrigions were generally grown at 690 and 750°Cwith cation of solar cells and other opto-electronic dea V/Ill ratio of 10 and 20, respectively. Two sets vices. The advantages of this growth technique, of samples have been studied. The first set was pointed out by Bass [1] , have now been adequately grown in a reactor known to produce material demonstrated. The conditions during epitaxial with poor luminescence efficiency. The second set growth, i.e., the growth ambient and the source of samples were grown in a reactor in which the materials, play an important role in the incorporaambient is less susceptible to oxygen and H20 tion of ubiquitous impurities and trap levels in the contamination and which consistently produces materials. In the present study we have made an crystals of high luminescence intensity. The free attempt to correlate the origin of some dominant electron concentration in the samples studied deep-level traps to MOCVD growth conditions. varied in the range (0. plier was taken into account while analyzing the
data. This is necessary since the energy gap of of the bound exciton peak. Deep-level traps in the different layers with varying x were characterized by studying the tlier-
The intensity of the edge luminescence, mainly mal emission properties of the traps. both tranconsisting of one or more impurity-related transisient capacitance measurements at several fixed tions and a weak bound exciton related transitions temperatures and DeepLevel Transient Spectroswas considered in the present study. A typical copy (DLTS) were done to determine the thermal edge luminescence spectrum for a sample with ionization energy and density of traps. Hole-traps x = 0.2 is shown in fig. 1 , where the different in n-type materials were characterized by Optical identified acceptor species are indicated. The A°X DLTS (ODLTS) measurements. An externally tnpeak at 1.810 eV is probably mainly related to C. ggered tungsten light source is used for these mea-
The identity of the peak at 1.725 eV is not defisurements. Trap densities were carefully measured nitely known but is thought to arise from Mn. by observing the peak height of the DLTS signal Carbon gives rise to the strongest peak in the edge and the incremental transient capacitance change luminescence of undoped samples, irrespective of due to trap-filling in the transient capacitance the two different growth conditions mentioned measurements.
above. Ge, Si and Zn are occasionally observed as weak transitions without any significant trend in their occurrence. Si and Zn-related transitions were 4. Results identified by comparison with recently published data of other authors [3, 4] . The shallow donor Electron mobilities in the samples studied have impurities are not identified. been measured as a function of temperature [2] .
The intensity of the edge luminescence was Room temperature Hall mobilities are lower than found to depend on the growth ambient and the high-quality LPE crystals by a factor of 1.5 to 2
Al content in the following way. The luminescence for equivalent mixed-crystals compositions. The intensity is highest for samples grown in the reaccompensation ratio (ND + NA)/(ND -NA) in the tor less susceptible to H20 and oxygen contaminasamples varied from 1. The density of all the electron traps, except the luminescent intensity was smaller and, in addition, EL2 center, increases with increase of Al content decreased monotonically with increase of x.
when 0 is probably present in the growth ambient. The dominant electron and hole traps observed
In particular, the densities of the 0.35 and 0.25 eV traps become of the same order as the free electron ship is: 
